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UMR MINERALS BUILDING:
AN INNOVATIVE APPROACH TO THE CONSTRUCTION OF UNDERGROUND BUILDINGS
Bruce H. Green and David A. Summers
University of Missouri-Rolla

Introduction:

Part A. Purpose:

removal of the undesired rock volume, without
damage to the remnant rock walls.

The original intent of the exercice was
to develop a design for a new minerals engi

3.

neering building which would demonstrate the

spaces.

applicability and feasibility of an under

The quarrying out of the building
The construction process herein de

scribed consists of the "removal of solid

ground building complex to our administration
and to the Board of Curators.
Two major ad

material" to create the spaces, as opposed to
the conventional construction techniques of

vantages were foreseen for such a building.

the "assembly of materials", such as bricks,

Not only would it be immensely superior, in

concrete, steel, etc.

terms of energy demand, to the conventional
4.

The use of the "Living Rock" as the

aboveground buildings previously constructed
by the University, but it also would have

finished interior room surfaces.

highly significant symbollic and educational

which is left along the wall of the excavation

effects on the students of the several dis

after water jet cutting has been classified

ciplines comprising the UMR "School of Mines
and Metallurgy".
It would also serve as a

as adequate, without further treatment, for

The rock

model of the underground potentials for the

building surfaces not requiring a smooth
finish.

other disciplines on campus; viz., the

II.

"School of Engineering", and the "College of
Arts and Sciences".

ments for the building, and the functions

Part B.

Preliminary information on the require
it was to perform were minimal. The site for
the building had been already identified.
It
was located on the northwest periphery of the

Major Innovations :

As the design developed, it incorporated
four major innovations in building construc
tion, each of which would have consequent

main campus.

The site was not chosen because

of any intrinsic suitability for an under
ground building, but rather because the site
was available and included enough ground to

additional conservation of the total energies
expended in creating such major construction.
1•

Site Location and Building Requirements

The use of mining equipment in the

contain the proposed structure.

£QPstruction of a building. Normally, where
u®ed at all, such equipment and procedures are
minor parts of a project and are limited to

The overall

building area was to contain 130,000 square
feet of useable space.
It was initially in
tended that it be constructed in two separate

the early site preparation, where the pre

phases, part now, and the rest at some future

liminary site excavation is being made.
2.
The introduction of a novel type of
^£ipg equipment. It was proposed to use a
high pressure water jet to cut the profile
*0r each volume of excavated space. This
*°nid allow blast fragmentation or block

date. The shape had to conform to and extend
an alignment of existing buildings, focusing
on the campus library to the east of the site.
This preliminary premise on which this
design was developed was that the buildings
would be earth covered, incorporate passive
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solar practices, and contain the potential
for later inclusion of active solar and other

the design process evolved.

The first and

major problem encountered was that of rock

energy savings, either as they became avail
able or as the planning process identified the
need. Thus the building would demonstrate

excavation.
This is normally a costly and
involved process in itself. The bed rock in
Phelps County generally lies either at or

to students, faculty and the public at large,

close to the surface; and at this site the

both a practical and economic utilization of

formation is Jefferson limestone, which has a

underground space, and at the same time in
clude all the advantages of energy conser
vation .

karst topography, i.e., the rock has fissures
and occasional caverns.

III. The Developed Building Design
Part A. The Building Concept

be taken, and therefore an estimate had to be

With no budget, test borings could not

A U-shaped building configuration evolved
based on the site and the maximization of the
solar orientation.
The major emphasis of the
design was on an earth-covered, passive solar

made for the depth of overburden.
In order
to simplify matters, it was assumed that the
rock lay at a uniform depth of 8 to 10 feet,
that the rock surface would be a simple tilted
plane, and that the quality of rock exposed
would be adequate for the bearing purposes

structure.
Each stage of the building con
sists of a basic L-shape, connected at the
base of the U, with a cross-link connecting

indicated in the building sections.

It was

also assumed that the building budget would

each stage on the lower floor to form an A-

allow for the full excavation of the court

shape when the building was completed. Be
cause of the original site sloped signifi
cantly, the building was to have separate

yards.

component areas of one, two or three stories.

However, since the planning process was al
lowed to progress without the normal budgetary

arguments based on conventional rock excava
tion rather than the use of the "water jet".

A basic 30 by 30 foot bay size, from
which to develop the building layout, was
chosen. The roof cover was to be earth, and

and program restraints, it allowed much more
freedom in seeking out innovative alternatives
and unique solutions to some otherwise very
serious construction problems.

the separate blocks were to have earth-shel
tered walls.

This was later hotly disputed, using

Each level of the structure

was staggered and designed to include an

The final assumption made was that the
UMR water jet equipment and experimental team

earth-filled canopy containing plant materials
for additional solar screening.

would be both available and could be used to

The major emphasis in this development
was placed on the first phase, with space

accomplish the rock slotting excavation called
for in the design plan. The development of

reserved in the plan for the later second
phase.
A last minute change requested that

vantage that there are few practitioners who

both phases be included in the presentation,
and to expedite this, a mirror image of

have sufficient skill to make use of the
system.
In this regard Rolla has the most

Phase I was added to the nearly completed
drawings.

highly trained staff and equipment in the

a new art has, at its beginning, the disad

nation.

It should be pointed out that all of
these efforts were performed without remu
neration or compensatory time release, or
credit awarded, i.e., "pro causa sine remunerebum".
Part B.

R. Buckminster Fuller stated that

the United States construction industry is at
least 50 years behind the state of the know
ledge, and here was the chance to propel it
forward some 35 years. Or, as Shakespeare
pointed out "there is a tide in the affairs
of man, which if taken at the flood, leads on
to fortune".

Construction Innovations

A considerable number of construction
innovations were incorporated in the plan as
199

1.

The use of the University of Mis-

souri-Rolla water jet. The first innovation
in building construction to be applied was
the use of the University of Missouri-Rolla
water jet within the last 2 years. Within

preparation (other than perhaps painting) has
philosophic as well as economic benefits where
the students using the building are in the
geologic and mineral sciences. Since the

the last 2 years, the Rock Mechanics and Ex
plosives Research Center at Rolla has devel
oped the use of a high speed water jet for
slotting granite. The water jet operates at
15,000 psi and, using 18 gpm flow, will pro
duce a slot in a granite some 2 inches wide (1).
Normal technology for cutting granite was
a high temperature flame torch which excavates
at a rate of some 7-10 sq ft/hr, uses about
10 or more gallons of fuel oil per hour, and
generates a noise around 130 db. (At that
level it's too loud to think of the exact
number. ) In comparative testing the water
jet unit achieved rates more than double the
burner, the generator to power the entire
operation consumes 4-6 gal fuel oil per hour,
and the noise level runs around 90 db . At

"outside walls" do not show (as they are
natural geology underground) they do not
quire expensive facing and maintenance.
rock spandrel walls will also be used on

the
re
Living
the

courtyard side, where the rock permits. Some
of these concepts are already in use in the
Kansas City underground commercial spaces (2).
The major difference with this situation,
however, is the Kansas City underground space
is inherently dry, a characteristic of the
Bethany Falls limestone strata. Most sites
and rock formations, however, such as Rolla,
are not necessarily dry.
In the Rolla situa
tion, the rock is karst, and therefore water
proofing is a necessity. The problem then
becomes one of "how to" waterproof, since

this stage it should be mentioned that dolo
mite is softer than granite.

there is not outside face to the "exterior"
walls.

The water jet unit can be set up along
the line of a required cut on a sliding car
riage, aligned to travel on a horizontal beam
to the full length of the cut.

material and labor. The substitution of this
"Living Rock" for the conventional concrete
bearing walls, with no additional surface

This called for the re-employment of water
jet cutting technology in order to create both
a slurry trench and a drain trench to exclude
water from the outside of the walls. The ab

It can then

be automatically fed forward to cut to the
full depth of required cut, over this length.
Once the volume of rock inside a required

sence of an outside face to the exterior walls
presented the problem of intercepting both
surface and subsurface waters and their re
moval. The solution was to cut two narrow
trenches parallel to the building perimeter,
some 10 to 20 feet from the building, and to
a depth below the level of the lowest floors.

space has been delineated, it can be either
lifted out with a crane or fragmented by
blasting and scooping out, without damage to
the surround walls.
Two methods of operation are conceived

The outer trench is to be filled with crushed
rock and a perforated drain tile at the bottom.
The inner trench is filled with a bentonite
slurry to act as a seal against water flow
to the building (3).

for this building.
One is with excavation
from the surface downward. The second is a
"cavern" excavation in the horizontal plane;
this outlines a roof to the room as well as
the walls and floor.

In order to increase energy efficiency,
the use of an insulation trench was also
conceived. This third trench was placed with
in the above trenches and filled with a foamedinplace insulation.
It serves the dual pur
pose of developing a heat bank and of pre
venting condensation on the finished walls.
Its depth and width is a joint function of

Other innovative features to the building
can now be conceived based on this technology.
The use of the bed rock can be used for
^ge support of the structural concrete floor
8labs, in lieu of the normal bearing walls of
a conventional building.

This will reduce the

c°st for wall development, both in terms of
200

mean annual temperature, relative humidity of
the building, and the minimum water jet clear
ances .
The use of a waterproof membrane
surface of the rock between the drain
and the building will prevent surface
entering the rock walls.
Its prupose

on the
trenches
water
is to

transfer roof runoff, etc. to the drain trench.
The surface of the rock is planed to slope
to the first trench and is sealed.
The "Living Rock" can be used as par
titions within the structure. Some of the
interior partitions could well be left intact
by use of the water jet operation, providing
thereby permanent spaces for washrooms, stair
halls, etc. This applies especially to cor
ridor walls which would otherwise require

quadrangle west of the library by means of an
elevated walkway spanning the sunken garden
and service courtyard. It too would be con
structed using the water jet to create a
natural rock pedestrian bridge.
Part IV.

Summary

1. Cost of hydromining versus conven
tional construction. The normal procedure in
construction is to, 1) excavate and remove all
materials from what needs to be an oversized
hole in order to provide access for scaffolding
formwork, and for slope stability; 2) to
bring in construction materials from all over

structural support. The inherent disadvantage
of the natural rock thickness for partitions
is more than offset by the fact that one is
not buying the materials for the wall. The
main effect of this choice is to increase the
peripheral dimensions slightly.

the nation; 3) to assemble these materials.
The use of the water jet construction technique
reduces the size nature of each of these basic
normal steps. The only material which would
be removed is that which initially fills the
void rooms. This considerably reduces the
total volume of excavation. Much of the ma
terial separating these rooms is already on
site.

This eliminates the transportation of

much of the bulk and weight viz, cement, ag
gregate, block, sand, steel, etc. Much of the

The "Living Rock" will also, where ap
propriate, be left as the flooring on the

material is already assembled, requiring only
its form be released from the "Living Rock".

lowest floor and for the middle floor cor
ridor of the north wing. The rock is to be
planed, filled, polished, and an epoxy finish
applied. This is practical, since the lowest

Consequently, cost savings are possible,
feasible, and significant.

floor of the building is intended for student
laboratory use.
The possibility also exists that the
quarried rock can be removed in blocks and
reused. Such quarried material would be sized
and relaid, either for rooms of very small
size such as janitor closets, etc., or where
future relocation of partitions is foreseen.
It would also be used for partitions and

2. Aesthetics. The aesthetic impact of
such interior spaces would not be that dif
ferent from the many other new materials intro
duced in recent years. Living rock surfaces
can be either left in the rough (depending on
use), or they can be polished, stained, coated,
or painted. They can even be carved if de
sired. Thus there is a much greater aesthetic
potential than in the alternatives of concrete
blocks, etc.
An even more important result is the im
pact such mined space would have on engineerinf

spandrels occurring the building above the
bed rock level.

students, and especially those in the minerals
displicine.
It can be said that engineering
students are generally less impressed with

The final construction innovations in
the proposal provides for a continuous open
air pedestrian linkage from across the high
way bisecting the campus. A water jet mined
tunnel would be cut through the rock under
the highway to connect existing married stu
dent housing and a suggested future campus
parking structure.
It would connect the

"aesthetics" per se; their concerns lie more
with "performance and utilization".
If any
response might reasonably be anticipated to
the foregoing concepts and innovations, it
would in all probability be "highly favorable',
based on student comments made so far.
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